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1 Introduction
The primary goal in heavy avour physics is to study and understand the weak interac-
tion. This will eventually be achieved through precise measurements of all elements of the
Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix which relates the avour and mass
eigenstates of the quarks. Together with future observations of CP violation in the heavy
avour sector, such accurate measurements will provide non-trivial consistency checks of the
CKM picture and fundamental tests of the Standard Model. One of the most interesting
questions in this context is the origin of CP violation, which is allowed in the Standard
Model by the structure of the CKM matrix with three generations of quarks, but which
could perhaps also be due to new physics, as explained by Y. Nir.
1
Quarks are conned inside hadrons by the colour force. As a result, quantum chromo-
dynamics (QCD) is also involved in the weak decay of hadrons, and non-perturbative strong
eects often make the extraction of the weak physics dicult or uncertain. A subsidiary
goal in heavy avour studies is therefore to understand these long-distance QCD eects.
The theoretical framework for the description of the properties of hadrons containing a
heavy quark of mass m
Q
is based on the \heavy-quark symmetry": in the limit m
Q
!1,
the light degrees of freedom become insensitive to the avour and the spin of the heavy
quark. In practice this symmetry of the eective strong interactions is only approximate






 0:2 GeV is the strong interaction scale. This
condition denes a \heavy quark" and is satised by the charm (c) and bottom (b) quarks
with masses m
c




respectively (the top quark, which is even
heavier, is not considered because it decays before it can hadronize). The long-distance
physics due to connement is addressed using tools such as QCD sum rules, lattice QCD,
Heavy Quark Eective Theory (HQET) and Heavy Quark Expansions (HQE). Their latest
developments are summarized by C. Sachrajda.
2
On the experimental side, the bottom sector has been much more active in the recent
years than the charm sector. This review therefore emphasizes bottom physics. Hidden
heavy avour is not considered here except for a discussion on prompt quarkonium pro-
duction where new data is available. Recent progress in open heavy avour spectroscopy is
then reported. Lifetime and mixing measurements are nally reviewed and relevant world
averages are presented. Experimental results on heavy avour decays and CP violation are





2 Production of heavy avoured hadrons
2.1 Experimental environments, data samples and rates












annihilations at the (4S) resonance produce roughly









pairs. These B mesons are almost at rest and can therefore




mass measurements). But the large numbers of charm hadrons produced either in B decays




! cc continuum can be exploited for charm spectroscopy. The CLEO
experiment at the CESR collider has already collected  5 pb
 1
of data at or just below












annihilations at the Z resonance provide a much broader
spectrum of b hadrons, as a result of the fragmentation of the b

b pairs produced in 21.7%
5
of
the hadronic Z decays; after the strong decay of resonances, the fractions of weakly decaying







and 10% b baryons (mostly 
b
). These
hadrons have an average energy of 32 GeV and a mean decay length of 3 mm. In addition, b
and

b hemispheres are well separated. The environment is therefore well suited for bottom
spectroscopy, lifetime and oscillation measurements. Until 1995 the four experiments at
the LEP collider (ALEPH, DELPHI, L3 and OPAL) each collected approximately 4 million
hadronic Z decays; up to now, the SLD experiment at the SLC collider has recorded 0.2
million of such decays with polarized beams.
c) pp! b

b: very large numbers of b hadrons are produced in hadronic collisions, mainly
through two-gluon initial state processes, but in conjunction with an enormous background:
at the Tevatron collider (
p
s = 1:8 TeV), the b

b production cross section is  4000 times
larger than at LEP or SLC, but only represents  0:1% of the inelastic cross section.
Triggering is therefore a critical issue. The fractions of weakly decaying b hadrons are
expected to be similar to those from Z decays but their spectrum is softer resulting in a
mean decay length of 1{2 mm. Since 1992 the CDF and D0 experiments have each collected
close to 130 pb
 1
of data at the Tevatron, triggering on lepton pairs or single leptons.
Heavy avour production at hadron machines, which is of considerable interest for future





theoretical and experimental studies. Perturbative next-to-leading order (NLO) QCD has
been used to describe b

b production in pp interactions,
6
leading to predictions for the
shape of dierential cross sections in good agreement with data. However, the predicted




, and the QCD







s = 1800 GeV and earlier by UA1
9
at the SppS collider
at
p





have now preliminary results from data collected during a special
Tevatron run at 630 GeV in December 1995. These conrm the UA1 measurements and the
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Figure 1: (a) b quark production cross section at
p
s = 630 GeV as a function of the minimum transverse
momentum p
T






in the central pseudo-rapidity region
jy
b
j < 1:5. (b) Ratio of these cross sections at
p
s = 630 and 1800 GeV. The solid curves are predictions based
on NLOQCD calculations.
6


















data/theory ratio of 2:1  0:2 is derived.
11
However, the predicted ratio between the cross
sections at 630 and 1800 GeV is in good agreement with data (Fig. 1b). This should provide
condence in extrapolations to higher energies based on the energy dependence predicted
by theory.





dedicated charm experiments boost their statistics by taking advantage of huge yields ob-
tained with high intensity beams on xed targets. For example, E687 (photo-production,
200 GeV photon beam) and E791 (hadro-production, 500 GeV 
 
beam), which took data
during the 1990{1991 Tevatron xed-target run, contributed signicantly to charm spec-
troscopy, lifetime and mixing studies. Charm is also produced at the HERA ep collider and
detected by the H1 and ZEUS experiments.
Most measurements in heavy avour physics rely on the ability to detect the secondary
vertices from bottom or charm decays and resolve them from the primary interaction ver-
tex. This is of course essential for lifetime and oscillation measurements, but also ex-
tremely useful for background rejection, especially in the harsh environments of hadro- and
photo-production. The technology of silicon detectors, which provide an adequate spa-
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Figure 2: Apparent decay length signicance for J= candidates reconstructed in the ALEPH data (open
circles and error bars). The estimated contributions from combinatorial background (fake J= ) and real J= 
from b hadron decays are shown as histograms. The small excess of 46  12 events visible at zero decay
length is attributed to prompt J= production.
19
2.2 Prompt quarkonia production
With their rst silicon vertex detector installed for the 1992{1993 Tevatron run, CDF
unambiguously observed yields of prompt J= and  (2S) mesons (i.e. not from b decays)
much larger than expected. Since then, the production of quarkonia (cc or b

b bound states)
became a eld of intense experimental and theoretical study; new results are still coming in,
and the understanding of quarkonium production, although completely revised since 1993,
still seems incomplete.
According to leading order calculations based on the colour-singlet (CS) model,
12
direct
J= and  (2S) production should be suppressed. This implies that prompt J= mesons should
predominantly be due to radiative decays of 
c
mesons produced at the primary vertex, and
that the prompt  (2S) signal should be very weak as long as no heavy charmonia decaying
to  (2S) exist. However, predicted rates
13
for both direct J= and direct  (2S) fall a factor
 50 below the CDF measurements.
14
Similarly, CS predictions for  production at the
Tevatron disagree with CDF data.
15
In order to resolve these discrepancies, higher orders
in 
s
and colour-octet (CO) mechanisms were considered. In these new models,
16
where
quarkonia are rst produced as colour-octet states before evolving into colour-singlet states
via soft gluon emission, certain non-perturbative matrix elements were tuned to reproduce
the CDF data.
17
It is therefore desirable to test the CO models on dierent processes.
Prompt J= mesons in Z decays were rst observed by OPAL,
18
and ALEPH now also
measures a signal (see Fig. 2) with reduced systematics and model-dependence.
19
The two









. According to theoretical calculations,
20
the CS and CO contribu-
4
Figure 3: Inelastic J= photo-production at HERA. The data
25,26





that the CS+CO predictions could be lower than the origin estimate,
24
hence the band
to reect theoretical uncertainties.
tions to this branching ratio are dominated by c quark and gluon fragmentation respectively
and are predicted to be 0:8 10
 4
(CS) and 1:9 10
 4
(CO), with a factor  2 uncertainty
on the latter. The data disfavour CS as the sole production mechanism at the 2:5 level
but are compatible with CS+CO production. In the b

b meson sector, a new limit from L3,




is very similar to the one reported last
year by ALEPH,
22




The HERA experiments have looked for evidence of the CO production mechanism
in inelastic J= photo-production via direct photon-gluon fusion. At leading order, this
mechanism implies a dramatic increase
24
of the p ! J= X cross section for large values
of z, dened as the fraction of the photon energy carried by the J= in the proton rest




data show no excess over (and are perfectly
consistent with) the NLO calculations
27
in the frame of the CS model (see Fig. 3).
3 Spectroscopy of open heavy avour
3.1 Weakly decaying bottom hadrons




















masses were measured many years ago by ARGUS










were performed originally at LEP based on a handful of fully reconstructed candidates, but
5




mesons. The four L = 1 (orbitally excited) states
are often called \B

". A similar spectrum exists for the B
0
s




























































CDF eventually had enough statistics in the B
0
s
! J=  and 
b
! J=  channels to perform
the most accurate determinations,
30
which now dominate the world averages of 5369:72:4








bc) meson is the last weakly decaying bottom meson to be measured. Its mass is





in Z decays or at the Tevatron is expected to be 2{3 orders of magnitude smaller than that
of the B
+
, so a few reconstructed candidates could be observed at LEP or CDF with present













 channels have only led to upper limits on B, some
of them being a function of the unknown B
+
c
lifetime (expected in the range 0.4{1.4 ps).







candidate, with an estimated















candidates with an expected background of 0:32
0:11 events; the masses of these candidates are 6:29  0:17 and 6:33 0:06 GeV=c
2
.
Indirect evidence for 
b
(bsu,bsd) baryons has existed for some time in the form of






but no mass measurement has been performed yet.
3.2 Heavy meson spectroscopy

















L is the orbital










, so there is an almost degenerate \hyperne doublet" for each possible pair
of values for L and j
q
, with a mass splitting proportional to 1=m
Q
. Table 1 shows the list
of the 1S and 1P bottom meson states with their main decay modes, predicted by HQET.
There is a similar picture for the corresponding charm mesons, except that the strong decay
D

! D is possible due to the larger mass splitting.
In the charm sector, all six L = 0 mesons are well established and all six L = 1 narrow
states have been observed.
29
However, no broad L = 1 resonance has been reported yet. In
a new preliminary search for excited D mesons,
37
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channel, at a mass of 2637  2 6 MeV=c
2
, which is interpreted as the rst
evidence for a radially excited (2S) charm meson (see Fig. 4). Note that DELPHI claimed
last year the rst preliminary evidence for radially excited bottom mesons.
38
The mass dierence between the pseudoscalar B mesons and their hyperne partners,
the vector B

mesons, is less than 50 MeV=c
2
, and therefore B

mesons decay to B via
emission of a low energy photon. At LEP, the observation of B

has been possible using
inclusively reconstructed bottom hadron candidates combined with a photon measured in




conversion pair in the
material of the beam pipe or detector (ALEPH, DELPHI, OPAL).
39,40
Large signals are







, and the following quantities are extracted





= 45:7  0:5 MeV=c
2









) = 0:75  0:04, and the relative contribution to the B







) = 0:33  0:04. The last two















, as predicted by HQET. New preliminary
results on B










(4:8  0:9 0:9)  10
 3













wide resonant structure in the distribution of the mass dierence M = M(B)  M(B)
where \B" is an inclusively reconstructed bottom hadron candidate and \" a charged
track consistent with a pion from the interaction vertex. However, their decomposition into
individual contributions from the narrow and broad orbital excitations is not conclusive.















































The observed ratio B

=B  30% is interesting in regard of the possibility of
tagging the particle or antiparticule state of B
0












3.3 Heavy baryon spectroscopy
The charm baryon spectroscopy is progressing well, thanks to many recent CLEO results.



















singly-charmed baryon sextuplet of the quark model.
For the associated 3=2
+







states still remain unseen, after the



































Two orbitally excited 
+
c






















states of a L = 1 doublet (where L is the orbital
angular momentum of the light ud diquark with respect to the heavy c quark), have been






CLEO also has a new
preliminary evidence for a \

c






















No progress on bottom baryon spectroscopy was reported in the last two years since the









If one accepts the DELPHI and CLEO



















in violation of the 1=m
Q
scaling predicted for hyperne mass splittings. This can cast doubt




In the spectator model, where the heavy quark decays weakly without interacting with the
other light quark(s) in the hadron, all the hadrons containing the same heavy quark are
8
predicted to have equal lifetimes. This model fails dramatically for charm lifetimes, which









These lifetime dierences can be accounted for, at least qualitatively, by
considering eects like nal state interference, W exchange or annihilation diagrams, and








However, a more systematic QCD-based theoretical
treatment has been developed,
53
where the decay rates of a heavy hadrons are expressed
as expansions in powers of 1=m
Q








. The success of the application of this heavy quark expansion (HQE) to charm
lifetimes is reasonable, but also remarkable given the size of the expansion parameter.
54
Lifetime dierences in bottom lifetimes are smaller due to the larger b quark mass, and
HQE predictions should be more reliable.

































is the B decay constant,
but Neubert
55
argues that, without strong model-dependent assumptions, the whole range
0:8   1:2 is allowed for this ratio. As in the K
0
system, the neutral B mesons have two




















)=  are due to

























(not CKM suppressed); these ratios are expected to be less than 1% for
the B
0
and potentially much larger for the B
0
s






4.1 Individual bottom hadron lifetimes
a
The lifetime of a specic bottom hadron is usually measured from a t to a proper time
distribution, where the proper time of each candidate is computed from estimates of its decay
length and momentum. The decay length resolution depends primarily on the vertexing
capabilities of the experiment, but also to some extent on the energy spectrum and size of
the luminous region provided by the collider. In this respect the best conditions are realized
at SLD/SLC, where a 3-D CCD pixel detector is installed at a minimum radius of 2.5 cm
from an interaction region with transverse and longitudinal dimensions of 2m 1m and
0.7 mm.
The cleanest way to measure the lifetimes of the individual bottom hadrons is to fully
reconstruct specic hadronic decays. In this case, the decay vertex and momentum are well
determined. A mass peak is observed, and the background, which is only combinatorial, can
be handled easily. However, the current statistics limit the precision of these measurements.
The best examples of such results are provided by CDF, which, with 824  36 and 436 


























lifetime results that became available during or just
after this conference, and were published or submitted to the EPS-HEP conference in Jerusalem.
9
Another approach, aiming for larger statistics, is to select semileptonic b decays in a
semi-inclusive manner, associating a fully reconstructed charm hadron with a lepton of
appropriate charge. The vertex resolution is still good due to the presence of the lepton,
but the missing decay products (at least the neutrino) prevent the mass reconstruction















samples due to B !
D

semileptonic decays. This leads to measurements which have systematic uncertainties








because it provides reasonable eciency













pairs or a D
 
s

























X can also be partially reconstructed
by combining the lepton with the slow 
 















A third approach is based on pure topological vertexing: b decay vertices are recon-
structed inclusively and the b hadron charge is determined from the total charge of the
tracks associated with its vertex. This method is very ecient, but relies heavily on the
Monte Carlo simulation for the estimate of the sample composition and resolution. The
SLD collaboration has been very successful with this technique, obtaining very competitive
















their relatively small data sample.
The many measurements of the individual bottom hadron lifetimes are summarized in
the tables of Fig. 7, together with the world averages computed by the LEP B lifetime
working group.
67













0:950:05 indicate no signicant lifetime dierences between the three B mesons and are in
good agreement with HQE predictions. There is no evidence for lifetime dierences among





0:780:04 is signicantly dierent from unity and also signicantly smaller than usual HQE
predictions. Although it has been shown that there still is a small region of parameter space
where theory could accommodate the data,
55
this discrepancy, which could be a potential
problem for heavy quark theory, is being actively investigated.
2
At present, there is no









4.2 Average bottom hadron lifetime
Some measurements of the average lifetime h
b
i over all bottom hadron species are based on
the impact parameters of tracks from b decays, generally leptons. Such impact parameters
are proportional to the lifetime and have the advantage to be only very mildly dependent
on the b hadron boost. A second method uses topological vertexing to measure directly a
decay length; in this case, a good estimate of the (average) boost is critical to determine
the lifetime. The precise measurements of h
b
i are dominated by systematic uncertainties,
10
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DELPHI Ds h(91-95 prel.)
1.52+0.23 ±0.12 ps
 -0.22New
DELPHI Ds l(91-95 prel.)
1.44+0.16 ±0.05 ps
 -0.14New
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 -0.28  -0.10New
DELPHI Λc l(91-95 prel.)
1.11+0.15 +0.07 ps
 -0.13  -0.08New










OPAL Λ l (IP+vtx)
(90-94)
1.16±0.11±0.06 ps
DELPHI Λ l h (vtx)
(91-94)
1.46+0.22 +0.07 ps












Avg b baryon meas.
Figure 7: Individual b hadron lifetime measurements and averages.
67
On these tables and those of Figs. 9
and 11, the outer error bars represent the total uncertainties and the inner error bars, when shown, the
statistical uncertainties; when two uncertainties are quoted for a result, the rst is statistical and the second
systematic. Results that are new or have been updated since the 1996 summer conferences are listed in the
references;
57{66
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Figure 8: New preliminary measurement of h
b
i
from L3 using inclusive hadronic Z decays.
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including our limited knowledge on the b fragmentation.






In a new preliminary analysis, L3 apply both an impact parameter and
a decay length technique to the same data sample. The two resulting lifetime measurements




, the ratio of the mean b hadron
energy to the beam energy, and then combined to yield h
b









= 0:709  0:004
tot
(see Fig. 8). These results are the most precise from a single




twice as precise as the average value recommended by the LEP electroweak working group,
0:702  0:008.
71
All recent measurements of h
b
i are shown in Fig. 9 together with the averages from the
LEP lifetime working group.
67
It should be noted that dierent analyses do not necessarily
select the same mixture of b hadrons and therefore do not measure exactly the same quan-
tity; for example, assuming that the semileptonic branching ratios scale with the lifetimes
and using the b hadron fractions given in Sect. 5.3, one expects the results based on leptons
to be  0:7% larger than the unbiased (truly inclusive) results. It is intriguing to note that













b) mesons are allowed to undergo particle-antiparticle mix-
ing, due to second order weak interactions (see Fig. 10), which can be described with the
same formalism as for the K
0


























































involve d or s quark exchange.
and total decay width  
S;L
























state to decay after a proper time t as the





















In the Standard Model, the D
0
mixing rate is very small, R
mix
 =(1   ) < 10
 7
,
and dominated by long-distance eects rather than the box diagram contributions.
72
With




, observation of D
0
mixing would
indicate physics beyond the Standard Model, for example a new heavy particle exchanged
in the box diagrams.
The D
0







decay. If the D
0













nel, the sign of the kaon determines the decaying state. However, the doubly-Cabibbo sup-
















have the same signature as the
mixing signal and yield a fake rate R
DCS
. Furthermore, the mixing and DCS amplitudes can










, where ' is an un-
known phase.
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) = (0:77 0:35)%
74
but could not separate the two contributions. If proper time information is available, this

























which is similar to the old E691 result, R
mix
< 0:37% at 90% CL,
76
and
slightly more stringent than R
mix
< 0:76%, a preliminary 95% CL limit reported last year






Allowing for the interference term (and even
possible CP violation in it), the E791 result becomes R
mix
< 0:85% at 90% CL.
75






 channel (which is not contaminated
by DCS decays), and derive R
mix
< 0:33% at 90% CL.
78
13






Mixing in the B sector is large in the Standard Model, dominated by top quark exchange in
the box diagrams. Time-integrated measurements were performed already a decade ago by
UA1 and ARGUS,
29
and since then by many dierent experiments. These were typically
based on counting same-sign and opposite-sign lepton pairs, like a very recent L3 result.
79






are less sensitive than the time-dependent analyses aiming for the direct measurement of









systems respectively) from the
proper time distributions of events suitably tagged as mixed or unmixed. This is particularly
true for the B
0
s
system where the large value of m
s
implies maximal mixing, i.e. 
s
' 1=2.












where N and f
sig
are the number of candidates and the fraction of signal in the selected
sample,  is the mistag probability, and 
t
is the proper time resolution. The quantity
S decreases very quickly as m increases; this dependence is controlled by 
t
, which is
therefore a critical parameter for m
s







=p) includes a constant contribution due to the decay length resolution 
L
(typically
0.1{0.3 ps) and a term due to the relative momentum resolution 
p
=p (typically 10{20%)
that increases with proper time.
In order to tag a B candidate as mixed or unmixed, it is necessary to determine its
particle-antiparticle state both at production (initial state) and at decay (nal state). The









). In inclusive lepton analyses, the nal state is tagged by the charge of
the lepton from b ! `
 
decays; the biggest contribution to 
f
is then due to

b ! c ! `
 











) or that of a kaon thought to come from a b ! c ! s decay
81
can be used. For fully
inclusive analyses based on topological vertexing, nal state tagging techniques include jet
charge
69
and charge dipole methods.
81
The initial state tags are somewhat less dependent on the procedure used to select B
candidates. They can be divided in two groups: the ones that tag the initial charge of the

b
quark contained in the B candidate itself (same side tag), and the ones that tag the initial
charge of the other b quark produced in the event (opposite side tag). On the same side,
the charge of a track from the primary vertex is correlated with the production state of the
B if that track is a decay product of a B

state or the rst particle in the fragmentation
chain.
82,83
Jet charge techniques work on both sides. Finally the charge of a lepton from
b! `
 
or of a kaon from b! c! s can be used as opposite side tags, keeping in mind that
their performance depends on integrated mixing. At SLC, the beam polarization produces
a sizeable forward-backward asymmetry in the Z ! b

b decays and provides another very
interesting and eective initial state tag based on the polar angle of the B candidate.
81
Initial state tags have also been combined to reach 
i
= 26% at LEP,
83,84





Since no measurement of   exist and    m is predicted, oscillation analyses
typically neglect   and describe the data with the physics functions  e
  t
(1cosmt)=2.
Whereas measurements of m
d
are usually extracted from the data using a maximum
likelihood t, no signicant B
0
s




lower limits on m
s
. The original technique used to set such limits was to study the
likelihood as a function of m
s
. However, these limits turned out to be dicult to combine.
A new method was therefore developed,
80
in which a B
0
s
oscillation amplitudeA is measured
at each xed value of m
s





t)=2. To a very good approximation, the statistical uncertainty on A is Gaussian
and equal to 1=S.
85













is far from its true value, a measurement consistent with A = 0 is expected. A value
of m
s
can be excluded at 95% CL if A+1:645
A
 1. The lower limit on m
s
is dened
as the highest value below which all values of m
s










) < 1 are expected to be





increasing function of m
s
and one therefore expects to be able to exclude individual m
s

















it is now recommended by the LEP B oscillations working
group as the framework in which m
s
limits are combined.






A total of 22 dierent analyses have been performed to measure m
d
, of which 4 are
new and 10 have been updated since summer 1996 (see Fig. 11). Although many dier-
ent techniques have been used, the results have remarkably similar precision. The sys-
tematic uncertainties are not negligible; they are often dominated by sample composition,
mistag probability, or b hadron lifetime contributions. Averaging all direct m
d
mea-
surements from LEP, SLD and CDF, and accounting for all identied correlations, yields















= 0:172  0:010. These can be used to im-












, can be extracted from branching ratio
measurements. However, if one assumes 
s















can be extracted from 
world
d
, the inclusive integrated mixing rate
 measured at LEP, the estimate of f
b-baryon
from branching ratios and the b hadron life-




















)%. These results, including m
world
d
, have been obtained by the
LEP B oscillations working group in a consistent way, taking into account the fact that
many m
d
analyses depend on the b hadron fractions and might have used dierent values
b
This review includes new and updated B
0
s
oscillation results that became available from DELPHI
59
between
this conference and the EPS-HEP conference in Jerusalem.
15
∆md (ps-1)
World average 0.463 ±0.018
CLEO+ARGUS average (χd) 0.432 ±0.051
CDF average 0.461 ±0.039
CDF D*l/l (92-95 prel) 0.512 +0.095  +0.031
−0.093 −0.038⇒
CDF D(*)l/piss (92-95 prel) 0.446 ±0.057 +0.034−0.031
CDF e/µ (92-95 prel) 0.450 ±0.045 ±0.051→
CDF l/QJ+lsoft (94-95 prel) 0.467 ±0.057 +0.035−0.040⇒
SLD average 0.526 ±0.053
SLD l/QJ+Pol (93-95 prel) 0.520 ±0.072 ±0.035
SLD Dl/QJ+Pol (93-95 prel) 0.452 ±0.074 ±0.049
SLD δq/QJ+Pol (93-95 prel) 0.561 ±0.078 ±0.039
SLD K/QJ+Pol (93-95 prel) 0.580 ±0.066 ±0.075
OPAL average 0.467 ±0.027
OPAL D*/l (90-94) 0.567 ±0.089 +0.029
−0.023
OPAL D*l/QJ (90-94) 0.539 ±0.060 ±0.024
OPAL l/QJ (91-94) 0.444 ±0.029 +0.020−0.017→
OPAL l/l (91-94) 0.430 ±0.043 +0.028
−0.030→
L3 average 0.455 ±0.042
L3 l/QJ (94-95 prel) 0.437 ±0.043 ±0.044⇒
L3 l/l (94-95 prel) 0.458 ±0.046 ±0.032→
DELPHI average 0.496 ±0.034
DELPHI pi*/QJ (91-94) 0.499 ±0.053 ±0.015→
DELPHI D*/QJ (91-94) 0.523 ±0.072 ±0.043→
DELPHI l/QJ (91-94) 0.493 ±0.042 ±0.027→
DELPHI l/l (91-94) 0.480 ±0.040 ±0.051→
ALEPH average 0.446 ±0.027
ALEPH D*/QJ+l (91-94) 0.482 ±0.044 ±0.024
ALEPH l/QJ (91-94) 0.404 ±0.045 ±0.027→
ALEPH l/l (91-94) 0.452 ±0.039 ±0.044→
ALEPH QJ/QJ (91-95 prel) 0.441 ±0.026 ±0.029⇒
0.3 0.4 0.5 0.6 0.7






The CLEO+ARGUS average is







New (updated) measurements since the 1996 summer conferences




The CKMmatrix element V
td
can be extracted fromm
world
d
using the following relation

















































= 0:550:01 (short-distance QCD correction).
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, with an uncertainty completely dominated
by theoretical uncertainties. The B
0
s
oscillation frequency is related to V
ts
in a similar way.































= 1:300:18 is determined from lattice QCD and QCD sum rules.
2
This relation can
be used in ts of the CKM matrix, together with many other experimental and theoretical
inputs including unitarity constraints, to derive m
s
predictions within the StandardModel.


















= 15:2 5:5 ps
 1
,








oscillation has been the subject of many recent studies: in the last year, OPAL
86
have updated their inclusive lepton and dilepton results (from analyses which also yield m
d





take advantage of their 1994{1995 data reprocessed with



















mesons, and optimize their inclusive lepton analysis resulting in enhanced
time resolution and B
0
s
purity at an acceptable cost in statistics. Figure 12 shows the m
s
ranges excluded at 95% CL by the various analyses, together with their sensitivities as
determined from the amplitude uncertainty. Most of these analyses are combined to yield
the amplitudes shown in Fig. 13 as function of m
s





; together with m
world
d




j > 3:8 at 95% CL. The
combined sensitivity for 95% CL exclusion of m
s
values is found to be 13.0 ps
 1
, above
the actual limit. This is due to a positive excursion of the combined amplitude in the region
10{18 ps
 1
, which is more or less where m
s
is expected in the Standard Model. However,
the statistical signicance of this excursion is low and no signal can be claimed. It should be
noted however, that with the current sensitivity one would expect to see an oscillation signal
with a signicance of at least 3 if m
s
was less than 9 ps
 1
. The fact that the combined
sensitivity now reaches the range of m
s
values expected in the Standard Model, means
that the results of the B
0
s
analyses provide a signicant constraint on the CKM matrix, as




at 95% CL Sensitivity (ps
-1)
LEP combined [ 0.0, 10.2 ] 13.0
OPAL lept→ [ 0.0, 2.9 ]   [ 6.4, 6.7 ] 4.8
OPAL lept-lept ◊→ [ 0.0, 2.2 ]
OPAL Ds(φ)-lept (prel) ◊ [ 1.6, 2.1 ]   [ 3.3, 4.6 ]
DELPHI combined [ 0.0, 8.4 ] 8.1
DELPHI lept→ [ 0.0, 1.7 ]   [ 3.4, 6.1 ] 2.6
DELPHI lept-lept→ [ 0.0, 2.8 ] 1.7
DELPHI φ-lept (prel)→ [ 0.0, 1.9 ]   [ 5.6, 9.5 ] 0.7
DELPHI Ds-hadr (prel)→ [ 0.0, 1.9 ]   [ 2.5, 2.6 ] 1.0
DELPHI Ds-lept (prel)→ [ 0.0, 8.4 ] 8.0
ALEPH combined [ 0.0, 10.4 ] 11.7
ALEPH lept (prel)→ [ 0.0, 10.2 ] 10.6
ALEPH lept-lept (prel) ◊ [ 0.0, 6.0 ] 3.1
ALEPH Ds-hadr (prel)→ [ 0.0, 3.9 ]   [ 6.5, 8.8 ] 4.2
ALEPH Ds-lept (prel) [ 0.0, 6.8 ] 6.7
◊
 not included
in combination 0 2 4 6 8 10 12 14
Figure 12: Excluded values of m
s






Sensitivities are only quoted for analyses based on the amplitude method and represent
the frequency at which 
A













data ± 1 σ 95% CL limit   10.2 ps-1
1.645 σ sensitivity
   13.0 ps-1
data ± 1.645 σ
data ± 1.645 σ (stat only)
Figure 13: Combined measurements of the B
0
s





ments are dominated by statistical uncertainties. Neighbouring points are statistically correlated, the scale




. The frequencies up to which measurements are provided dier between












-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Figure 14: Results of CKM ts
94
shown in the (; ) plane. Gaussian theoretical uncertainties are assumed.
The preferred position of the unitarity triangle apex is indicated with a solid dot. The solid (dotted)
closed curves represent the 68% and 95% CL contours with (without) the constraint from the combined B
0
s





at 95% CL, but only partially represents the constraint from the combined m
s
results.
6 Summary and prospects
Our understanding of heavy avour production is still not complete: b quark production at
hadronic machines is still larger than NLO QCD predictions, and a consistent description
of direct quarkonia production has not yet been fully established, although the colour-octet
models seem promising.
The spectroscopy of charm hadrons is still very active, with many new baryon states
discovered in the last couple of years, contrary to charm lifetimes where no new mea-






mixing are still very far
from the Standard Model prediction, leaving quite some unexplored room for possible new
physics. Many new charm results are expected in the near future, in particular from CLEO
II, who continuously increase their statistics, and from new photo-production experiment
E831/FOCUS. This is an upgraded version of E687 which already recorded more than 10
times the E687 statistics during the present xed-target Tevatron run, and which aims for
 10
6
fully reconstructed charm decays, including  20 000 charm baryons.







improved sensitivity and perform new charm spectroscopy and lifetime measurements, in
particular on the yet unobserved doubly-charmed baryons: CLEO III with an upgraded
detector (1998{), BABAR and BELLE at the B factories (1999{), as well as the COMPASS
spectrometer at CERN which could start operation in 1999 and accumulate the statistics
for its full charm program in 2002.
96
If approved, a proposed B physics experiment at the
Tevatron, B-TeV,
97
could also contribute to charm physics in its rst phase with a wire
target (2001 ?).
19
No spectacular progress in bottom spectroscopy has been made in the last couple years.
Although a few isolated B
+
c











and b baryon lifetime measurements
are now quite precise (4% or less) and in good agreement with theoretical predictions,







frequency is also measured with similar accuracy, but the hadronic uncertainty currently
limits the extracted value of jV
td








oscillation frequency still don't exist, but improved limits nevertheless provide a non-
negligible constraint on the CKM matrix.
The potential for new or improved results from LEP on lifetimes and excited b hadrons
now depends on possible new analysis ideas and improvements to existing reconstruction
algorithms, since no more substantial running at the Z pole is foreseen. SLD, however, is
still running, aiming for 0.5 million Z! qq events. With these statistics and the excellent
resolution of their new vertex detector, SLD expect an ultimate m
s




CDF should also be able to participate in the search for B
0
s
oscillation with their current
data. However, it seems probable that m
s
will remain unmeasured at least until the
next round of data to be collected by HERA-B at DESY (1998{) and CDF+D0 at Fermilab
(1999{), but it should certainly be measured by the LHC experiments (2005{), in particular
LHC-B. The individual b hadron lifetimes will be measured with an increasing precision
in future hadronic collider runs, starting with Tevatron run II, using large samples of fully




could be extracted from the comparison of B
0
s
lifetime measurements performed on specic












= 19783, although plagued by the
large hadronic uncertainty, does not depend on CKM matrix elements and has therefore an
interesting consequence: the more dicult it might be to observe m
s
, the easier it should
be to observe  
s
, and vice versa.
In conclusion, with all the new planned experiments, the eld of heavy quark spec-
troscopy, lifetimes and oscillations still has a very bright future, although one might have
to wait a few years for substantial progress in the bottom sector.
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